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Title of the Invention 
Motor 

Background of the Invention 
Field of the Invention 

The present invention is related to a motor for use in office automation 
devices such as the magnetic hard disc drive device (HDD), video tape recorder 
(VTR) and laser beam printer (LBP). 

Related Art of the Invention 

The motor for the OA devices generally comprises a rotor with a magnet 
fixed to it and a stator with a coil fixed to it. The rotor or stator is provided with 
a housing, and a rolling bearing is provided between the housing and a shaft. 

Conventionally, an adhesive is used to fix the rolling bearing between the 
shaft and the housing in the OA devices. For example, in order that the inner 
race is fixed to the shaft, a groove is formed around the shaft, and the adhesive 
is provided between the groove and the inner peripheral surface of the inner 
race, so that the uniform bonding is made in the circumferential direction. 

According to the publication of JP Patent No. 2890159, the outer 
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peiipheral surface of the shaft is foTmed with a knurled portion and a 
circumferential groove, and an adhesive is put in between the grooves of the 
knurled portion and the inner peripheral surface of the inner race and into the 
circumferential groove to fix the inner race to the shaft. In addition, there is a 
case that the rolling bearing is fixed to the inner race through press-fitting with 
no adhesive used. 

The inner peripheral circle of the inner race and the outer peripheral circle 
of the shaft in cross section could not be complete in roundness, and therefore 
the thickness of the adhesive is inclined to be uneven in the circumferential 
direction even if the knurled portion and the circumferential groove are formed. 
As a result, the expansion and shrinkage forces of the adhesive may be so 
uneven in the circumferential direction that the Taces are deformed and that the 
rotation precision of the motor is worsened. For example, the non-repetitive 
runout (NRRO), that does not synchronize with the rotation, may be caused in 
the motor. 

On the other hand, upon press-fitting, the precision (roughness) of the 
surfaces press-fitted is transferred to the raceway to deform the race. 



Summary of the Invention 
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Taking such problems into consideration, an objective of the present 
invention is to provide a motor comprising a rotor and stator where a rolling 
bearing is provided between a housing provided in a rotor or stator and a shaft, 
such that the races of the rolling bearing is prevented from being deformed and 
that the rotation precision of the motor is improved. 

Brief Description of the Invention 

Fig. 1 is a cross sectional view of an embodiment of the motor according to 
the present invention. 

Fig. 2 is a plan view to show a relation between the shaft and the bearing 
in the motor of Fig. 1 . 

Fig. 3 is a plan view to show another relation between the shaft and the 
bearing. 

Preferred Embodiment of the Invention 

The present invention provides a motor comprising a rotor, a stator and a 

shaft, wherein the stator or rotor is provided with a housing, and a rolling 

bearing is provided between the housing and the shaft, and wherein the inner 

race and the outer race of the rolling bearing are fixed to the shaft and the 

housing, respectively, through press-fitting or through adhesion with the 
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grooves formed in the outer peripheral surface of the shaft and in the inner 
peripheral surface of the housing. 

Specifically, in one feature of the motor of the present invention, the outer 
peripheral surface of the shaft and/or the inner peripheral surface of the housing 
are formed with knurled grooves, and wherein the number (P) of the grooves in 
the circumferential direction and the number (Z) of the rolling members in the 
rolling bearing are in the relations of P n Z and P nZ ± 1 where n is a 
positive integer. 

In another feature of the motor, specifically the outer peripheral surface of 
the shaft and/or the inner peripheral surface of the housing are formed with 
knurled grooves, and the number (P) of the knurled grooves in the 
circumferential direction and the number (Z) of the rolling members in the 
rolling bearing are in the relation of P = nZ ± X, where n is a positive integer, 
and X is 2 or an integer larger than 2. 

If P = nZ, the expansion and shrinkage forces of the adhesive are uneven in 
the circumferential direction, so that deformation (undulation) having nZ waves 
is inclined to occur on the races. With the undulation on the races, abnormal 
runout occurs in the axial direction during rotation of the rolling bearing every 
time when the rolling members roll over the waves. 

If P = nZ ± 1, the expansion and shrinkage forces of the adhesive are 
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uneven in the circumferential direction, so that deformation (undulation) having 
(nZ± 1) waves is inclined to occur on the races. With the undulation on the 
races, abnormal runout occurs in the radial direction during rotation of the 
rolling bearing every time when the rolling members roll over the waves. 

In the present invention, with the relations of P n Z and P ^ nZ ± 1 
where n is a positive integer, the occurrence of such abnormal runout is 
prevented. And, with the relation of P - nZ ± X, where n is a positive integer, 
and X is 2 or an integer larger than 2, which satisfies the relation of P ¥= n Z 
and of P & nZ ± 1 where n is a positive integer, the occurrence of such 
abnormal runout is prevented. 

Even if the relations of P n Z and P nZ ± 1 where n is a positive 
integer are satisfied, when the number of waves in the undulation existing 
originally in the races per se is equal to a measure (except for 1 and P) of the 
number (P) of knurls, the undulation originally existing on the races may be 
compounded to the undulation transferred from the knurls by adhesion, 
depending on the phase upon fixing with adhesion, to produce on the races the 
undulation in the relation of P = n Z or of P = nZ ± 1 where n is a positive 
integer. Accordingly, it is desired that the numeral of P satisfies the above 
relations and a prime number. 
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In the present invention, the term " knurled groove" means a groove 
formed on the outer peripheral surface of the shaft to extend in parallel or on the 
slant with respect to the axial direction. 

The present invention is further explained with reference to the drawings. 

Fig. 1 is a cross sectional view of a motor corresponding to an embodiment 
of the present invention. This motor is a spindle motor for the HDD and 
comprises a rotor 1, a stator 2, a shaft 3 and a rolling bearing, specifically ball 
bearing 4. The rotor 1 has a magnet 5 fixed to it, and the stator 2 has a coil 6 
fixed to it. 

The rotor 1 comprises a sleeve (housing) 11 in a cylindrical shape with a 
small diameter, an outer cylindrical portion 12 having a diameter larger than the 
diameter of the sleeve 11, and a hub 13 provided between the sleeve 11 and the 
outer cylindrical portion 12. The ball bearing 4 and shaft 3 are inserted into the 
sleeve 11, and the magnet 5 is inserted into the inner peripheral surface of the 
outer cylindrical portion 12. The hub 13 receives a magnetic disc when the 
motor is used. 

The stator 2 comprises a base 21 to which one end of the shaft 3 is fixed, 
and a cylindrical portion 22 formed on the outer peripheral portion of the base 
21. The cylindrical portion 22 is located between the sleeve 1 1 and the outer 
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cylindrical portion 12 in the radial direction of the shaft 3, and the coil 6 is 
located on the outer periphery of the cylindrical portion 22. Accordingly, the 
magnet 5 faces the coil 6 with a predetermined gap between them. 

Fig. 2 is a plan view to show the relation between the shaft 3 and the ball 
bearing 4 in the motor mentioned above. As illustrated, the ball bearing 4 has 
eight balls (rolling members) 41, Eighteen knuTled grooves 31 are formed on 
the outer peripheral surface of the shaft 3. The knurled grooves 31 extend in 
parallel to the axial direction generally along the whole length of the shaft 3, 
and arranged in the whole circumference with a uniform circumferential space 
between them and with a uniform width. 

The number (P) of the knurled grooves 31 is related with the number (Z = 
8) of the balls (rolling members) 41 of the ball bearing 4 and the relation is 
given in the equation of P = 2Z + 2. Filled in between the knurled grooves 31 
and the inner peripheral surface of the inner Tace 42 is, for example, an 
anaerobic adhesive which is hardened to fix the inner race 42 to the shaft 3. 
The outer race 43 is inserted into and fixed to the sleeve 11 by press-fitting. 

Accordingly, with this motor, because of the relation of P n Z and of P 
¥= nZ ± 1 where n is a positive integer, between the number (P) of the knurled 
grooves 31 and the number (Z) of the balls (rolling members) 41 of the ball 
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bearing 4, the inner race 42 does not suffer from the harmful deformation which 
would be caused in the case of P = nZ or P = nZ ± 1. Accordingly, the NRRO 
is prevented from being produced in the motor, and the rotation precision of the 
motor is high. 

Incidentally, in this embodiment, only the outer peripheral surface of the 
shaft 3 is formed with the knurled grooves 31 satisfying the present invention in 
number so as to bond the shaft 3 to the inner race 42. In addition to this, the 
inner peripheral surface of the sleeve 1 1 may be formed with the knurled 
grooves 31 satisfying the present invention in number so as to bond the sleeve 
(housing) 11 to the outer race 43. Or, only the inner peripheral surface of the 
sleeve 11 may be formed with the knurled grooves 31 satisfying the present 
invention in number so as to bond the sleeve (housing) 11 to the outer race 43 
as shown in Fig. 3. In this case, the shaft 3 is fitted into or bonded to the inner 
race 42. 

In addition, in the case where with the knurled grooves satisfying the 
present invention in number formed on the outer peripheral surface of the shaft 
and/or on the inner peripheral surface of the housing, the inner race is fixed to 
the shaft through press-fitting and/or the outer race is fixed to the housing 
through press-fitting, the inner race and /or outer race do not suffer from the 
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harmful deformation which would be caused in the case of P = nZ or P = nZ ± 
1. Accordingly, the NRRO is prevented from being produced in the motor, and 
the rotation precision of the motor is high. 

With the present invention, in the motor comprising a rotor, a stator, and a 
shaft such that the rotor or stator is provided with a housing and that a rolling 
bearing is provided between the housing and the shaft, it is possible to prevent 
the races of the rolling bearing from being deformed, so the rotation precision 
of the motor is high. 
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